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Cultivo de microrganismos

e Atualmente menos de 1%
de todos os
microrganismos existentes
no mundo podem ser
cultivaveis no laboratorio.

e Fenomeno limitante para
a compreensao da
fisiologia microbiana,
genética e a ecologia das
comunidades

Many lines of evidence show that
fewer than 0.1% of the
microorganisms in soil are readily

Caracterizacao morfoldgica,
fisiolégica/bioquimica.

Agar Triptico de Soja (TSA)

Morphological diversity typical of microorganisms cultured fram soil on
a broad spectrum medium, tryptic soy agar.

cultured using current techniques  (Handelsman et al., 1998)
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Metagenomica

e Estudo de todos os genomas presentes em
uma amostra ambiental. Sem a necessidade
de isolamento, cultivo ou identificacao.




Definicao: Metagendmica =

A new frontier of science 1s emerging that unites biology
and chemistry — the exploration of natural products from
previously uncultured soil microorganisms. The approach
involves directly accessing the genomes of soil organisms
that cannot be, or have not been, cultured by isolating their
DNA, cloning it into culturable organisms and screening
the resultant clones for the production of new chemicals.

(Handelsman et al., 1998)

e (also referred to as environmental and community genomics)

e .. isthe genomic analysis of microorganisms by direct extraction
and cloning of DNA from an assemblage of microorganisms.

(Handelsman, 2004)



HMP1

Microbioma X
Humano

e Nosso outro
genoma

2008 a 2013
Caracterizacao das comunidades microbianas a partir de 300 individuos
saudaveis em diferentes locais do corpo humano: trato intestinal e
urogenital, cavidade oral, pele, etc.

Sequenciamento de rRNA 16S

- Caracterizacdao da comunidade microbiana em cada local e

identificacao do “core microbiome”;

Sequenciamento de DNA Total (WGS — Whole Genome
Shotgun)Metagenomic whole genome shotgun (wgs)

- Genes e vias bioldgicas
14.23 terabytes de dados
Broad Institute, the Baylor College of Medicine, Washington University .
School of Medicine, and the J. Craig Venter Institute, the Data Analysis NIH HUMAN
and Coordination Center (DACC), e muitos investigadores MICROBIOME

PROJECT




‘human supraorganism’

The microbes that live inside and on us (the
microbiota) outnumber our somatic and germ cells
by an estimated 10-fold.

... 2 composite of microbial and human species
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IHMP

 NIH Integrative Human Microbiome Project

e Estudos de coorte

O objetivo desta segunda fase é gerar recursos
gue possam contribuir para a caracterizacao da
microbiota humana para posterior compreensao
de qual é o impacto do microbioma na saude
humana e nas doencas.

NIH Integrative H‘man Microbiome PrOJect
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coorte é um conjunto de pessoas que tem em comum um evento que se deu no mesmo período;



Principais questoes
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Dados de metagenomas (WIVIS) =

e Estratégia shotgun de

sequenciamento de
DNA total

— Whole Metagenome
Sequencing

— Alternativa para
estudo da microbiota
nao cultivavel

e Permitindo investigar
0S seguintes aspectos
— Quem esta 13?
— Quantos estao 13?

— O que sao capazes de
fazer?
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nvironmental Sample

Dados de metagenomas (TAS)

e Estratégia de
sequenciamento de
Amplicons (Alvos)

— Targeted Amplicon

Sequencing

— Alternativa para

estudo da microbiota
nao cultivavel

e Permitindo investigar
0s seguintes aspectos

— Quem esta 13?
(principalmente)

— Quantos estao 1a?

— O que sao capazes de

fazer?
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([0 ARTICLE SERIES: Applications of next-generation sequencing

Recent advances in genomic DNA sequencing of

microbial species from single cells

Roger S. Lasken & Jeffrey S. McLean

Affiliations | Corresponding author

Nature Reviews Genefics 15, 577-584 (2014) | doiz10.1038/nrg3785
Published online 05 August 2014
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Analises metagendmicas

Metagenome
Seqguencing

|

Quality Control

e Sy

Who is there? What are they doing?

Taxonomic Diversity Marker Gene

Phylogenetic Diversity Analysis Gene Gene Diversity
Prediction INGw anes

Taxonomic Diversity

Phylogenetic Diversity -— Binning
Novel Taxa Functional Pratein Family Diversity
Genorne Diversity Annotation Functional Diversity

-—  Assembly

N\ /

Comparative Metagenomics

Intercommunity Similarity
Metadata Correlations
Biomarker Detection

Movel Genomes

[Thomas J. Sharpton, 2014]
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Desafios

Dados sao complexos e enormes;

Dificil determinar de que genoma determinada leitura teve origem;

Muitas comunidades de microrganismos sao muito diversas e a maior parte
dos genomas nao é completamente representada por uma leitura;

e Até mesmo um unico gene pode nao ser completamente amostrado, pois as leituras
normalmente sao mais curtas, e sendo assim nao ha sobreposicao para sua
reconstrucdao completa;

e Quando ha sobreposicdo entre leituras, ainda ha a possibilidade disso conduzir a erros
no alinhamento ou na montagem de uma sequéncia consenso para um Unico genoma
de forma acurada;

Em busca de amostragem para representacao dos genomas ha um aumento
da quantidade de dados;

Em especial no caso de microbiotas ha a presenca de material genético nao
desejado do hospedeiro, o qual pode se sobrepor ao do DNA microbiano (Ha
métodos de Biologia Molecular para o enriquecimento de DNA microbiano —
ex. baseados na diferenca de densidade de metilacao de ilhas CpG);

e Plantas com seus genomas enormes tornam esse desafio ainda maior (ha estudos que
obtiveram DNA metagendmico de filosfera utilizando separacao apds centrifugacao na
presenca de Percoll - Delmotte et al., 2009);

Amostras ambientais estao sujeitas a contaminagodes diversas, uma vez
retiradas do ambiente de origem;


Presenter
Presentation Notes
Methyl-CpG binding domain (MBD) to separate methylated host DNA from microbial DNA based on differences in CpG methylation density. 


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4059276/

Advances in laboratory procedures that physically separate microbiota from plant tissue (e.g., Jiao et al., 2006; Delmotte et al., 2009) will continue to improve the efficacy of metagenomic investigations in plant systems.


Etapas

Clinical or environmental sample

containing microbes
Extraction of genomic DNA
i
What microbes | What are the
are present? | microbes doing?
|
Amplicon metagenomic sequencing Whole-genome shotgun
(165 rRNA gene: bacteria) metagenomic sequencing

l | ;

Amplification and sequencing Fragmenting of DNA, construction
of heterogeneous mixture of of paired-end libraries, sequencing
165 rRNA genes of heterogeneous mixture of DNA

l | !

Bioinformatics analysis E-!ioin;ormatics analg;'s:'_s.

« Alignment « Functional assignment of reads

« Classification « ldentification of enriched metabolic
+ Operational taxonomic unit (OTU) analysis pathways and gene functions

« Phylogenetic analysis « Comparative metagenomics

Grice E.A. & Segre J.A. (2012) The Human Microbiome: Our Second Genome,
Annu. Rev. Genomics Human Genet. 13, 151-170

J\
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Desenho experimental

a Fixed sequencing budget

High sequencing depth Reduced depth enables larger Time courses within communities Combined DNA and RNA sequencing
reveals rare features sample sizes (greater statistical reveal changes in response to stimuli reveals differences between community
within each sample power) and other dynamical properties functional potential and functional activity
H BN H BB
l l
B Cne ‘unit’ of WMS5 sequencing B DNA ¥AYA O RNA™ L

b Combining WMS and amplicon sequencing

In a tiered study, many samples are initially surveyed by amplicon sequencing; In time-course studies, amplicon sequencing can be applied to survey a
later, a subset of representative or extreme samples are explored in greater large number of internal time points, while WMS sequencing can be used
detail by WMS sequencing to dissect a subset of time points (e.g. the first and last) in greater detail
5’ "y rF rF rF n "Ry ryr r F i
L] II

F One “unit’ of amplicon sequencing Bm=FFFF

Mature Reviews | Microbiology

http://www.nature.com/nrmicro/journal/v13/n6/full/nrmicro3451.html



http://www.nature.com/nrmicro/journal/v13/n6/full/nrmicro3451.html

Escolha da estratégia de
sequenciamento

 Depende da

realidade decada | == ii
projeto com e
respeito a:
— Custo v | /
— Rendimento -
— Tamanho das
leituras (reads)
— Qualidade das ‘5'
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Read length (log scale)



Taxa de erros

Platform-Dependent Error Rates

Table 1 Insertion/deletion and substitution errors on read level for benchtop NGS platforms
Indels per Indels per Substitutions Substitutions

Platform Sequencing kit Library Strain Date of sequencing 100 bp read per 100 bp per read
GSJ GSJ Titanium Nebulization / AMPure XP Sakai June 2012 0.4011 1.8351 0.0543 0.2484
MiSeq 2 x 150-bp PE Nextera Sakai June 2012 0.0009 0.0013 0.0921 0.1318
MiSeq 2 x 250-bp PE Nextera Sakai September 2012 0.0009 0.0018 0.0940 0.2033
PGM 100 bp Bioruptor / lon Fragment Library  Sakai July 2011 0.3520 0.3878 0.0929 0.1024
PGM 200 bp lon Xpress Plus Fragment Sakai July 2012 0.3955 0.6811 0.0303 0.0521
PGM 300 bp lon Xpress Plus Fragment Sakai August 2012 0.7054 1.4457 0.0861 0.1765
PGM 400 bp* lon Xpress Plus Fragment Sakai November 2012 0.6722 1.8726 0.0790 0.2202

Error rates were calculated by counting indels and substitutions in the mapping against the EHEC Sakai reference sequence for each uniquely mapped read.
*Kit was not officially available during time of study.

= 4-dye cyclic reverse termination approaches (lllumina) are prone to substitution errors
= 1-dye cyclic no termination approaches (454, lon Torrent) are prone to indel errors

e martin.hartmann@wsl.ch
WSt www.microbiome.ch Juenemann et al. 2013 (Nat Biotechnol), Quail et al. 2012 (BMC Genomics), Loman et al. (Nat Biotechnol)



Contaminantes...

( ) BioMed Central
BMC Biology
HOME ABOUT ARTICLES SUBMISSION GUIDELINES

RESEARCH ARTICLE OPEM ACCESS

Reagent and laboratory contamination can critically impact
sequence-based microbiome analyses

Susannah | Salter 25 , Michael ) Cox, Elena M Turek, Szymon T Calus, William O Cookson, Miriam F Moffatt, Paul Turner,
Julian Parkhill, Nicholas | Lorman and Alan W Walker &

BMC Biology 2014 12:87 DO 10.1186/512915-014-0087-z | © Salter et al,; licensee BioMed Central Ltd. 2014
Received: 15 July 2014 = Accepted: 13 October 2014 Published: 12 November 2074




Contaminantes em agua e kits

List of contaminant genera detected in sequenced negative “blank’ controls

Phylum List of constituent contaminant genera
Alpha-proteobacteria:

Afipia, Aquabacterium?, Asticcacaulis, Aurantimonas, Beijerinckia, Bosea, Bradyrhizobium9,
Brevundimanas®, Caulobacter, Craurococcus, Devosia, Hoeflea®, Mesorhizobium, Methylobacterium®,
Novosphingobium, Ochrobactrum, Paracoccus, Pedomicrobium, Phyllobacterium®, Rhizobium=d,
Roseomonas, Sphingobium, Sphingomonas=9¢, Sphingopyxis

Beta-proteobacteria:

Proteobacteria  acjdovoraxt®, Azoarcust, Azospira, Burkholderia®, Comamonast, Cupriavidus®, Curvibacter, Delftia®,
Duganella®, Herbaspirillum?®®, Janthinobacteriun®, Kingella, Leptothrix®, Limnobacter®, Massilia®,
Methylophilus, Methyloversatilist, Oxalobacter, Pelomonas, Polaromonast, Ralstoniab=3e, Schlegelelia,
Sulfuritalea, Undibacteriurm?®, Variovorax

Gamma-proteobacteria:

Acinetobacter®3<, Enhydrobacter, Enterobacter, Escherichia®~3.2, Nevskiat, Pseudomonas®de,
Pseudoxanthemonas, Psychrobacter, Stenotrophomonas®bt9e, Xanthomonas®

Aeromicrobium, Arthrobacter, Beutenbergia, Brevibacterium, Corynebacterium, Curtobacterium, Dietzia,
Actinobacteria Geoderma pof?foS. jam'mcmr, Kocuria, Microbacrerium, Micrococcus, Microlunartus, PJIL.'L"DJCEC!;
Propionibacterium®, Rhodococcus, Tsukamurella

Firmicutes Abiotrophia, Bacillus®, Brevibacillus, Brochothrix, Facklarnia, Paenibacillus, Streptococcus

Chryseobacterium, Dyadobacter, Flavobacterium®, Hydrotalea, Niastella, Olivibacter, Pedobacter,

Bacteroidetes )
Wautersiella

Deinococcus-
Thermus

Deinococcus

Acidobacteria  Predominantly unclassified Acidobacteria Gp2 organisms

(SALTER et al., 2014). DOI: 10.1186/s12915-14-0087-z.



Experimento para deteccao de
contaminantes

Filos de agua ultra pura (nitrogénio

a) no ar dos tanques)
. - - : 3 Undassified
TM7 class incertae sedis

nitrificantes provenientes dos

Spirochaetes

=sphingobaceria —— Com Salmonella bongori

B Negativicutes

B Gemmatimonadetes

B Gammaproteobacteria ( p reto)

® Fusobacteria

® Flavobacteria

B Epsilonproteobacteria

B Deltaproteobacteria

B Deinococci

® Clostridia

B Betaproteobacteria
Bactercidia

= Bacili Perfil observado em 20 e

B Armatimonadia .
Nphaprntenbaﬂeria 40 CICIOS da PCR.II
Actinobacteria
Acidobacteria Gp2
Acidobacteria Gp3
m S.bongori

Proportion of total sequences

01 2 3 4 5 con 01 2 3 4 5 con 01 2 3 45 con
No. of serial dilutions

ICL UB WTSI

e Amostras referentes aos laboratérios ICL, UB e WTSI.
e DNA ndo diluido possui 108 células € a 52 diluicao 102 células (S. bongori).

(SALTER et al., 2014). DOI: 10.1186/s12915-14-0087-z.

Impacto menor: amostras de fezes Impacto maior: amostras de sangue e
(> biomassa) pulmao (< biomassa)



Solucoes

Remocao de sequéncias indesejadas: Archaea,
Chloroplasto de plantas, Chloroplasto de
Cianobacteérias, outros ...

Padronizacao de pessoal responsavel pelo uso de kits?

Controle de sequenciamento (perdemos espaco para
adicionar amostras ...);

Usar DeconSeq v.0.4.3 para remocao de contaminantes
(Boa pratica em Bioinformatica!!l).

https://sourceforge.net/projects/deconseq/files/



DeconSeq

PLoS Cne. 2011 Mar 8;8(3:217288. doi: 10.1371/jpumal.pone. 0017288,

Fast identification and removal of sequence contamination from genomic and metagenomic datasets,

Sthmieder R, Edwards R.

# Author information

Abstract

High-throughput sequencing technologies have strongly impacted microbiology, providing a rapid and cost-effective way of generating draft
genames and explaring microbial diversity. However, sequences obtained fram impure nucleic acid preparations may contain DNA from
sources other than the sample. Those sequence contaminations are a serious concern to the quality of the data used for downstream
analysis, causing misassembly of sequence contigs and erroneous conclusions. Therefore, the removal of sequence contaminants is a
necessary and required step for all sequencing projects. We developed DeconSeq, a robust framewark for the rapid, automated identification
and removal of sequence contamination in longer-read datasets (150 bp mean read length). DeconSeq is publicly available as standalone
and web-based versions. The results can be exported for subsequent analysis, and the databases used for the web-based version are
automatically updated on a reqular basis. DeconSeq categorizes possible contamination sequences, eliminates redundant hits with higher
similarity to non-contaminant genomes, and provides graphical visualizations of the alignment results and classifications. Using Decon3eq,
we conducted an analysis of possible human DNA cantamination in 202 previously published micrabial and viral metagenomes and found
possible contamination in 145 (72%) metagenomes with as high as 64% contaminating sequences. This new framewark allows scientists to
automatically detect and efficiently remove unwanted sequence contamination from their datasets while eliminating critical limitations of
current methods. DeconSeq's web interface is simple and user-friendly. The standalane version allows offline analysis and integration into
existing data processing pipelines. Decon5eq's results reveal whether the sequencing experiment has succeeded, whether the correct
sample was sequenced, and whether the sample contains any sequence contamination from DNA preparation or host. In additian, the
analysis of 202 metagenomes demanstrated significant contamination of the non-human associated metagenomes, suggesting that this
method is appropriate for screening all metagenomes. DeconSeq is available at hitp/ideconseq.sourceforge. net’,

PMID: 21408061 PMCID: PMC3052304 DOl 10.1371journal.pone 0017288

[FubMed - indexed for MEDLINE]  Free PMC Article




DeconSeq  DeconSeq”™

INPUT http://deconseq.sourceforge.net
Metagenome/Genome ———>  Compare data against Remove
Remove database(s) ———> database(s)

Keep significant similarities
(above coverage and identity thresholds)

Compare significant subset against

Retain database(s) ~-+-:2:+2e - > Retain database(s)

Keep significant similarities — .
(above coverage and identity thresholds) Skip if no Ret_aln
database(s) given
Identify similarities to Remove and
Retain database(s)
(classified as "Hit to Both")
OUTPUT

Identify similarities unique to
Remove database(s) . e Coverage vs. Identity plots *

(classified as “Contamination”)
FASTA/FASTQ result files

. * web version only
Plot and write results


http://deconseq.sourceforge.net/

Controle de qualidade dos dados de
sequenciamento

Filtering versus Trimming

Read Trimming Read filtering

maximizing read length

Oss of
Ph
yloge”eh'c si e Of r €ags

&na/
» Pro
bfem of Parg; /
's

maximizing read counts

@ martin.hartmann@wsl.ch
wsyL www.microbiome.ch




PRINSEQ
(Poda e Filtragem - Qualidade)

Biginformatics. 2011 Mar 15;27(6):863-4. doi: 10.1093/bizinformatics/btr026. Epub 2011 Jan 28.

Quality control and preprocessing of metagenomic datasets.
Schmieder R', Edwards R.

# Author information

Abstract

SUMMARY: Here, we present PRINSEQ for easy and rapid quality control and data preprocessing of genomic and metagenomic
datasets. Summary statistics of FASTA (and QUAL) or FASTQ files are generated in tabular and graphical form and sequences can be
filtered, reformatted and trimmed by a variety of options to improve downstream analysis.

AVAILABILITY AND IMPLEMENTATION: This open-source application was implemented in Perl and can be used as a stand alone

version or accessed online through a user-friendly web interface. The source code, user help and additional information are available
at http://prinseq.sourceforge.net/.

PMID: 21278185 PMCID: PMC3051327  DO1: 10.1093/bicinformatics/btrli26

[Indexed for MEDLINE]  Free PMC Article



Correcao de erros

Error correction of high-throughput
sequencing datasets with non-uniform
coverage 3

Paul Medvedev ™, Eric Scott, Boyko Kakaradov, Pavel Pevzner

Bioinformatics (2011) 27 (13):1137-i141.
DOl https://doi.org/10.1093/bicinformatics/btr208
Published: 14 June 2011

k-mers mult. k-mers mult.
GAAATCCGGACTCC 1 GAAATACTGACTCA 1
GACATCTGGACTCC 10 GACATACTGAGTCA 1
GACATCCGGACTCC 2 GACATAGTGACTCA 1
GACATCCGGAATCC 1 SRR
GACATCCGGAATCA 1 GACATACTGACTCA

https://academic.oup.com/biocinformatics/article/27/13/i137/178096/Error-

H ammer correction-of-high-throughput-sequencing



https://academic.oup.com/bioinformatics/article/27/13/i137/178096/Error-correction-of-high-throughput-sequencing

Correcao de erros

e Distancia de Hamming
— Numero de posicoes em que as sequéncias divergem entre si.

e Grafo de Hamming
e Agrupamento

Reads k-mers HG,(X) HG(X)
ACGIGIG ACGTG ACATG ACATG
CGTGT N N
GIRTG ACCTG ACCTG
/ /
ACATGTG ACATG ACGTG CGTGT _ ACGTG CGTGT _
CATGT CATET
CATGT \ \ / \ \ /
ATGTG ATGTG CCTCT ATGTG CCTGT
ACCTGTC ACCTG / \
CCIGT  GT6TG CTGTC GTGTG CTGTC

CTGTC



Qualidade de leitura das bases

(Phred Score)

An example of a base that has been
given a very high Phred score of 50,
indicating that there is 99.999%
probability that this base has been
correctly assigned.

The Phred Score
= peak shape and resolution
= comparison to lookup tables
from traces of known sequences

given a Phred score of 10, indicating
that there is only a 90% probability
that this base has been correctly

An example of a base that has been
assigned.

[An example of a base for which
no Phred score could be
f calculated,, since the sequencer

could not determine which base
was present (therefore, an ‘N'was
/ designated in the sequence).

[., FENRRRETTINENY
GG TUWGGGGGGG GCTTTTCCCAAGGCA
80 20

o o =
o0 o

(o)}

o

Probability of Error
=9

o
()

Ewing et al 1998 (Genome Res)

.

+

@FORJIUSPO2AIWD1
CCGTCAATTCATTTAAGTTTTAACCTTGCGGCCGTACTCCCAGGCGGT

FASTQ Format

Illumina Label

@MISEQ:268:000000000-AAKFL:1:1101:21892:1930 1:N:0:GTATCGTCGT
@ Instrument:Run#:FlowcelllD:Lane:Tile:X:Y Read:Filtered:Control#:Barcode

-

Q=-10xlog(p)

e
o

10 15 20

Phred Score (Q)

Q P

0 1

10 0.1

20 0.01

30 0.001

40 0.0001
25 30 35 40




FastQC

Ferramenta para analise e controle de qualidade
e http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc/

fastqc seqfilel seqfile2 .. seqfileN

fastqc

[-0 output dir] [--(no)extract] [-f fastq|bam|sam]
[-c contaminant file] sedfilel .. seqfileN

@ FastQC
File Help

bad_sequence.txt | good_sequence_short. txt

"

OO O OOOS

"/

OO0

Basic Statistics

Per base sequence quality
Per sequence guality scores
:l Per base sequence content
Per base GC content

Per sequence GC content

Per base N content

Sequence Duplication Levels
CQverrepresented sequences

Kmer Content

Sequence Length Distribution| 1

Quality scores across all bases (lllumina 1.5 encoding)

12345878810 12 14 16 18 20 22 24 28 28 30 a2 34 36 a8 40
Position in read (bp}



http://www.bioinformatics.bbsrc.ac.uk/projects/fastqc/

Fusao de leituras paired-end

Scenarios of Paired-End Read Merging

Alignment

CIA|TEENG|A]|JC]A

Forward read

321342020028 |16]14]|10

T|A|G|A|J]C|A|T]|T)|Basecals
Reverse read

2 P51 4 8 11212013840 | Qscores

Cl|lA|T|T|G|A|]C|A|T]| T |Consensus

3213422 |16 35|28 130343840 | PosteriorQs

Mismatch? Merged read

L SN

Full overlap Partial overlap No overlap Staggered overlap

— — — — aarmm G




%

PEAR - Paired-End reAd mergeR

Biginformatics. 2014 Mar 1;30(5):614-20. doi. 10.1093/bicinformatics/btt393. Epub 2013 Oct 18.

PEAR: a fast and accurate lllumina Paired-End reAd mergeR.

Zhang J', Kobert K, Flouri T, Stamatakis A

# Author information

Abstract

MOTIVATION: The lllumina paired-end sequencing technology can generate reads from both ends of target DNA fragments, which can
subsequently be merged to increase the overall read length. There already exist tools for merging these paired-end reads when the
target fragments are equally long. However, when fragment lengths vary and, in particular, when either the fragment size is shorter
than a single-end read, or longer than twice the size of a single-end read, most state-of-the-art mergers fail to generate reliable
results. Therefore, a robust tool is needed to merge paired-end reads that exhibit varying overlap lengths because of varying target
fragment lengths.

RESULTS: We present the PEAR software for merging raw lllumina paired-end reads from target fragments of varying length. The
program evaluates all possible paired-end read overlaps and does not require the target fragment size as input. It also implements a
statistical test for minimizing false-positive results. Tests on simulated and empirical data show that PEAR consistently generates highly
accurate merged paired-end reads. A highly optimized implementation allows for merging millions of paired-end reads within a few
minutes on a standard desktop computer. On multi-core architectures, the parallel version of PEAR shows linear speedups compared
with the sequential version of PEAR.

AVAILABILITY AND IMPLEMENTATION: PEAR is implemented in C and uses POSIX threads. It is freely available at hitp:/fwww exelixis-
lab.orgiweb/software/pear.

PMID: 24142950 PMCID: PMC3933873 DOl 10.1093/bivinformatics/bit593

[Indexed for MEDLIME]  Free PMC Article

https://sco.h-its.org/exelixis/web/software/pear/



https://sco.h-its.org/exelixis/web/software/pear/

Estrutura dos fragmentos
poda de adaptadores)

[ AR AARAAAAAAAAARAR CAAAAAAAAAAAAC A AAAAAAAAAAARAAAA AR LA

e @
[ ]
. L]
LA AEAALALTE LA CEEEACTCEAAACCELAR AL 9?)#’#)’))#9:!)#&':’:#"r.'r' Exe m p I o S d e
P T .
: Indices:

GTGGCC
o TAGCTT

P,

T L i e e ey, ATTC CT
[Trryvayes i :
St h‘%“ﬁé‘ Ligation to adapters

t‘_“‘“_“ T T et e e Ty T F Ny Yy ﬁg%
* N\,
4 N\,

STRYCTURE DETAILS

Rd1 Seq Primer Index Seq Primer
”’/I A ——————— > : s \\\
Cmmmm - INDEX
JoWlia ba Seguenciamento em 3 etapas:
\ ] s ebd - Leitura da extremidade P5;
| - Leitura do indice;

Sequence of Interest - Leitura da extremidade P7;

[http://nextgen.mgh.harvard.edu/CustomPrimer.html]



http://nextgen.mgh.harvard.edu/CustomPrimer.html

CutAdapt
(Poda — Adaptadores)

e https://github.com/marcelm/cutadapt

3' Adapter

—
—
5' Adapter
—
—
——— Read
Anchored 5' adapter === Adapter

I
|

Removed sequence



https://github.com/marcelm/cutadapt

One-step PCR Method

N

i I

P5 Index 1 Insert to be sequenced Index2 P7

A Target-specific PCR with indices and sequencing adaptors
B Final amplicon ready to be sequenced

C

P5

Two-step PCR Method

U \

Index 1 Insert to be sequenced Index 2 P7

A Target-specific PCR
B Addition of indices and sequencing adaptors by PCR
C Final amplicon ready to be sequenced

Introducao

ESTRATEGIA BASEADA EM
SEQUENCIAMENTO DE AMPLICONS

ALVOS




Alvos

* Marcadores filogenéticos

— Ex.: 16S (procariotos), ITS (eucariotos), ...

e Marcadores funcionais

— Ex.: nifH (fixagao de nitrogénio atmosférico N, em
por ex. amonia NH,)



O gene 16S rRNA
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“0 gene 16S rRNA baseado em E. coli” (YARZA et al., 2014). DOI: 10.1038/nrmicro3330. (WANG et al.,
2007). DOI: 10.1128/AEM.00062-07. (Ashelford et al. 2005). DOI: 10.1128/AEM.71.12.7724-7736.2005



Workflow basico

Experimental Design
(goals, choices of genetic marker, sequencing platform, bioinformatics)
___—A-___
« —
=+ DNA extraction
w5 piraktarolibestion Reference Database
=+ |ibrary preparation GREE H“VGEN ES
- SEqUEfICiI"Ig The 165 -T-\"lm Gone Database and Toots
1 Sll\ft'ﬂji‘i DO
Raw Data Unite  ——
Curation 1 l Curation
Denoised Sequences Curated Database
~ —— :
OoTU . et Taxonomic
Clustering Operational Taxonomic Units Assignment

Taxonomic Information

l

Community Analysis
(e.g. a-diversity, B-diversity, indicators)

martin.hartmann@wsl.ch
wsL www.microbiome.ch



Pre-PCR noise/bias
* Undersampling
» DNA extraction efficiency A
* Sample storage g
» Contamination

,/.-
'-.//’-’ - ,\\.\ i : . : I : 3 . 4 : .--?r)'.
/' PCR-dependent noise/bias . ¥ A
« Library prep technique o : ity e
[ * Template concentrations e Jettent w { Seq-dependent noise/bias \ cross-talk ocorre
[ » Preferrential amplification ' L * Sequencing errors | qL_Jando' uma
* PCR substitution errors - Substitutions leitura é atribuida
* PCR chimeras \ > Insertion/deletions a uma amostra
* Primer dimers ,-" * Poor/ambiguous base calls incorretamente
\ * Unspecific amplification / o O » Cross-talk y (Seq_uenciamento
o Target gene o multiplex)

= Taxonomic group

\\

a martin.hartmann@wsl.ch
wsL www.microbiome.ch credit: http://salsahpc.indiana.edu/millionseq/



Formacao de quimeras

'-"_---_-}

Extensao de primer abortada e Aborted extension
formacao de novo primer

Anelamento desse novo

H A H - - -}
primer em outra sequéncia de Mis-priming
espécie diferente

4
Extensao desse novo primere _ ___ ___ _ __
formacdo de sequéncias Extension
guimeras (as quais serao Il
amplificadas) nos ciclos
seguintes Chimera

Hass B ). et al (2011) Chimeric 165 rRNA sequence formation and detection in
Sanger and 454-pyrosequenced PCR amplicons, Genome Res. 21: 494-504.




ldentificacao de quimeras
(UCHIME)

Query References Potential parents

Parsimony model

A CCTTGGTAGGCCGtTGCCCTGCCAACTAGCTAATCAGACGCgggt CCATCtcaCACCaccggAgtTTTteTCaCTgTace
Q CCTTGGTAGGCCGCTGCCCTGCCAACTAGCTAATCAGACGCATCCCCATCCATCACCGATAAATCTTTAATCTCTTTCAG
B TCTTGGT gGGCCGtTaCCCcGCCAACAaAGCTAATCAGACGCATCCCCATCCATCACCGATAAATCTTTAAACTCTTTCAG
Diffs A A pA A A BBBB BBB BBBBB BB BBa B B BBB
Votes + + 0 + + + ++++ +++ +++++ ++ ++|i + + +++

Model AAAAAAAAAAAAAAAAAAAAAAAAAAAX x XXX XXXXXXXXX BEBBBBBEBBBBBBBBBEBBBBBEBBBBBBEBBBBEBBBBBBB



Binning

« Em metagenOmica, é 0 processo
de agrupar reads ou contigs e
atribuir a ele uma Unidade
Taxonomica Operacional
(Operational Taxonomic Unit —

OTU)

— Agrupamento em OTUs
(clustering) — criterio usual 97%

similaridade

« Melhor aproximacéo de espécie
— Na&o é possivel lidar com reads livres de
erros
— Nao € possivel identificacdo sempre ao
nivel de espécie
— Variabilidade intra-espécie

Domain

Kingdom |

Phylum |

Class

Order

Family

Genus

Species




Remocao de singleton reads

relevant elements
I 1

(] Singleton reads — Ieitu raS que false negatives true negatives
aparecem uma unica vez

— Alguns singletons possem mais
de 3% de divergéncia e formam
OTUs espurias

— Sugestao

e Remover os singletons antes do
agrupamento (clustering) e
mapea-los posteriormente

selected elements

HOW many se ected oW many relevant

~
— Re rr] Oga O tems are relevant? tems are selected?

e Aumenta a especificidade ao custo
de uma pequena perda de
sensibilidade

Precision = Recall = —



Estratégias de Identificacao
Taxondmica

Input data : .
. genus species
Preprocessed sequencing reads Ground truth EEEE [
| |

(=] == N , Annotation X 1
== e
:IE { [ |
e ] (]

|
[ I

CLUSTERING-FIRST ASSIGNMENT-FIRST

1 - OTU clustering 1 - Taxonomic assignment
reads are gathered 5

based on their similarities Sequence database ]

[ ] | ] [ ] 1'
[ ] [ | | ] —1 l . ] P
[ ] [ ] | ] I i A B —— e
EQL p n Bl

o iy /A B
A ESn Gy o W A

e

. :. ==
== EE . B1 I—ij& |_-”:'°f'5'| ! ==
2 - Taxonomic assignment = " == Blem
| | | 2 - Taxonomic binning
[ Sequence database J ; reads are gathered
based on their annotations
Y
A A

[ J I ] |
| ] ] 1
[ I 11

BMP, mothur, QIIME CLARK, Kraken, One Codex

DOI: 10.1371/journal.pone.0169563




Programas para Agrupamento
(clustering)

[ESPRlT-TREE]
[MS-CLUST] MBKM
ESPRIT

| CRisPy-Embed| |DNA-CLUST]

MOTHUR
Accuracy

hc-OTU
[G RAMCLUSTE RJ CRO
DOTUR
TSC iMOTU
lalill UPARSE

UCLUST [CRUNCHCLUST
VSEARCH BEBAC

—\

SUMCLUST]

DBC

M-PICK

v .
q '
U

'!

|

martin.hartmann@wsl.ch
wsL www.microbiome.ch



Clustering

Algorithm

* Hierarchical clustering

* Seed-Based clustering
* Model-based clustering

a martin.hartmann@wsl.ch
wsL  www.microbiome.ch



UPARSE

Seed-based (greedy) clustering

e As reads sao ordenadas (por
denticalto OTU -, abundancia) e comparadas entre si,
sendo possiveis dois casos:

@ .
1) similaridade >= 97% - membro do
OTU sequences . ...
son chustercsstott cluster com centroid mais similar e
: / OTUs are >3% different mais abundante
® 2) similaridade < 97% - nova seed
. ‘ . =
OTU assignmen
ambiguous, car seed 1 I 5bundance=1000
match=10T seed 2 I abundance=900

abundance=700
abundance=440
seed 3 I 5bundance=120
seed 4 NN sbundance=12
abundance=7
abundance=2
abundance=2
abundance=1
abundance=1
abundance=1

seed 5



b 3 g
“peinit prers %

ldentificacao Taxondmica

Genetic marker

» Sequence quality

snetic information content

R (‘lc(-,‘ rence database

* Sequence quality

* Taxonomic mis

Inconsistent ranks

* Low coverage of specific gr

0 ~l
o I'-)l:_]l"

Classification algorithm

* sequence similarity
* sequence composition
* sequence phylogeny

a martin.hartmann@wsl.ch
wsL www.microbiome.ch



Algoritmos para ldentificacao

N
£ >
2 2 2 2 &£ & oF
Ty 0 | 4 . N o wogth
% 4,}? > ¥ o
)?/?. 6\*‘*
"
%

Similarity

TACD

\_Phylogeny
SCIM

“,\\\'\ﬁ s T Ll ?;,mmllh
Composition | v N EEPHYL g
f - N b
O P 1\ Epy
& :’ \ 4’{)‘4’ .
SLZ g\ %,
SFIRY 2 ‘s o
Q" 2 - e
o z 4
S 2 Q%
& . Qe
Conclusions

* To date, no algorithm is convincingly outperforming
the others.

* Other factors such as genetic marker/locus, sequence

quality, and integrity of reference database are likely
more crucial.

a martin.hartmann@wsl.ch
WSL

www.microbiome.ch

Similarity-based

Find homology or minimum alignment distance
Tools:  * local alignments (e.g. BLAST, MEGAN, METAXA2, RTAX)
* global alignments (e.g. GAST)

* overlap alignments (e.g. SINA)
Pro/Con: * good accuracy for similar sequences
* performs less well on distant lineages
* can be slow on large reference databases
Composition-based

Detect specific features

Tools:  * kmer searches (e.g. NBC/RDP, UTAX, SINTAX)

* hidden Markov models (e.g. PHYMMBL, C165)
* computationally efficient and fast

* performs well on distant lineages
* training required

Pro/Con:

* limited resolution for shorter sequences
Phylogeny-based

Evolutionary model to determine best placement

Tool: * ML, NJ, Bayesian (e.g. PPLACER, EPA)

Pro/Con: * great accuracy for similar sequences

* classification in its evolutionary context
* computationally complex
* requires accurate reference tree

* difficult for non-coding regions

Bazinet & Cummings 2012 (BMC Bioinformatics)



Analise das Comunidades

e Diversidade

a-diversidade (alfa): diversidade de uma amostra/bioma (sensivel a delimitacdo de
ambiente e como se realiza a amostragem);

B-diversidade (beta): diversidade entre habitats, influenciado pela heterogeneidade da
estrutura das comunidades (composicao e proporcao da espécies).

y-diversidade (gama): diversidade regional, relacionada ao numero total de espécies
observado em todos os habitats dentro de uma area geografica.

Site 3 3 o Site 2



Curva de rarefacao

40

— Curva de rarefacao

Curva de acumulagao

de espécies ou curva
coletora

Number of species

D | | | | | |
0 20 40 60 80 100 120

Number of samples



OTUs

Avaliacao da amostragem

800
I~

species rich habitat, only a small
‘ fraction has been sampled

: /
this habitat has not been J.“
exhaustively sampled " T, MID1
H f
£ 8 /
3 ¢ J MID12
« / D13
most or all species I —
have been sampled o / '
&« 1 ) MIDS
.‘ =
MIOMD10 Wi
& i MD8 . MIDL %03 MO2
— . -
D 2000 4000 6000 8OO0 10000 12000

Clones Ceads



Medidas e estimativas da riqueza de
especies

Number of species
o
=

Q 0 40 60 80 100 120
Numbser of samples

A riqueza aumenta com o acréscimo de espécies raras.

" Medidas e estimativas da diversidade de espécies” Colwell RK (2009) Biodiversity: concepts, patterns and
measurement. In SA Levin. The Princeton guide to ecology. Princeton, NJ, USA: Princeton University Press. pp. 257—
263.



Equitatividade

® Em Ecologia, € o termo empregado para definir a uniformidade, ou
homogeneidade, da distribuicao de abundancia de espécies em
uma comunidade.

® Em uma comunidade, a equitatividade sera baixa quando ha
poucas espécies altamente dominantes em meio a um grande
numero de espécies raras. Se nao houver espécies altamente
dominantes, a equitatividade sera maior.

* Geralmente é expressa de forma numeérica (variando de zero a 1),
derivada de algum indice de diversidade especifico.



&

Medidas e estimativas da diversidade &
de espécies

H= _iﬁ’f In p; Dzl—iﬁ’f

i=1 i=1
Diversidade Shannon Diversidade Simpson

Combinam riqueza e equitatividade em uma uUnica medida

" Medidas e estimativas da diversidade de espécies” Colwell RK (2009) Biodiversity: concepts, patterns and
measurement. In SA Levin. The Princeton guide to ecology. Princeton, NJ, USA: Princeton University Press. pp. 257—
263.



Medidas e estimativas da diversidade &
de espécies
H:—ip,- In p; D=1 —ipf

i=1 =1

Diversidade Shannon Diversidade Simpson
No. Individuos pi Inpi pi*Inpi No. Individuos  pi pi2
10 0,10 -2,30 -0,23 10 0,1 0,01
10 0,10 -2,30 -0,23 10 0,1 0,01
10 0,10 -2,30 -0,23 10 0,1 0,01
10 0,10 -2,30 -0,23 10 0,1 0,01
10 0,10 -2,30 -0,23 10 0,1 0,01
10 0,10 -2,30 -0,23 10 0,1 0,01
10 0,10 -2,30 -0,23 10 0,1 0,01
10 0,10 -2,30 -0,23 10 0,1 0,01
10 0,10 -2,30 -0,23 10 0,1 0,01
10 0,10 -2,30 -0,23 =0 0,1 0,01

N=100 S=10 H'= 2,30 N=100 $=10 D= 0,9



giime

What is QIIME? ===

QIME™ (canonically pronounced chime) stands for Quantitative Insights Into Microbial Ecology.

http://qiime.org/

QIIME is an open-source bioinformatics pipeline for performing microbiome analysis from raw
DNA sequencing data. QIIME is designed to take users from raw sequencing data generated on the
lllumina or other platforms through publication quality graphics and statistics. This includes
demultiplexing and quality filtering, OTU picking, taxonomic assignment, and phylogenetic
reconstruction, and diversity analyses and visualizations. QIIME has been applied to studies based
on billions of sequences from tens of thousands of samples.



http://qiime.org/

dgpinheiro@gmail.com
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